Phytochemical studies of the leaves and rhizomes of Paraboea pa niculata (Gesneriaceae) are reported for the first time. Three phenylethanoid glycosides were isolated and characterized as 3,4-dihydroxyphenethyl-(3"-O-β-D-apiofuranosyl)-β-D-glucopyranoside, calceoralarioside E, and acteoside. These isolates exhibited weak cytotoxic activity against the K-562 cell line with a 50% of cell killing rate of 40.18 µM, 27.05 µM, and 27.24 µM, respectively. In the DPPH free radical scavenging assay, their IC 50 values were determined as 75.89 µM, 25.00 µM, and 26.04 µM, respectively.
Paraboea paniculata (Ridl.) B.L. Burtt (Gesneriaceae) is a wild species found rarely in a very few places in Malaysia [1] . P. paniculata grows on exposed limestone cliffs and adapts to the hot and dry conditions of exposed cliff surfaces. It was reported to have special secretion glands to discharge excess calcium carbonate for adaptation purposes [1] . Prior crude screening of this plant showed strong cytotoxic effects against the K-562 and HL-60 human cancer cell lines [2, 3] . Previous phytochemical investigation on other species of Paraboea led to the isolation of several triterpenes and steroids [4] . However, at present, there is no prior detailed literature of the chemical composition and bioactivity of this plant species available.
Previously, the separation and identification of cytotoxic fingerprint profiles by the offline hyphenated solid phase extraction-planar thin layer chromatographic technique were reported [5] . SPE was utilized as an interface to fractionate the bioactive constituents based on polarity, and HPTLC profiling was used for the effective development of the cytotoxic fingerprint profiles. In this study, three known phenylethanoid glycosides were isolated from rhizome and leaf plant parts of P. paniculata for the first time. The methanolic crude extracts of the rhizome and leaf plant parts of P. paniculata were subjected to solid phase extraction (SPE) on a silica-bonded saturated hydrocarbon C18 column. The preliminary screening for cytotoxic activity of all SPE-separated fractions revealed that rhizome fraction IV and leaf fraction V of P. paniculata were cytotoxic against the K-562 cell line (Table 1) . After semi-preparative HPLC separation, the rhizome fraction IV yielded compound PP-1 (1), and the leaf fraction V afforded compounds PP-2 (2) and PP-3 (3). Compounds PP-1, PP-2, and PP-3 were identified as 3,4-dihydroxyphenethyl-(3"-O-β-Dapiofuranosyl)-β-D-glucopyranoside (1), calceoralarioside E (2) and acteoside (3) by comparing their spectroscopic values with literature data [6, 7, 8] .
Compound PP-2 (49.5 mg) was isolated as a brownish amorphous powder. The ESI-MS spectrum of PP-2 (2) showed a deprotonated molecule [M -H]at m/z 609, suggesting the compound to have a (Table 2 ). H-4" of glucose was shifted downfield (δ 4.89) indicating that C-4" of glucose was singly bonded to the oxygen in the ester group of a caffeoyl unit, and this was further confirmed by the HMBC correlation between H-4" and C-9"' (δ 167.7). The downfield shift of the glucose C-3" signal (δ 80.8) indicated that glucose and apiose were linked through a 13 glycosidic bond, and the interglycosidic linkage was further determined through the HMBC correlation between C-3" and H-1' (δ 5.29). A comparison of the 1 H and 13 C NMR spectral data of PP-2 with the literature data reported, pointed to a similarity with calceoralarioside E [7] and nuomioside A [10] . On the basis of these data, the structure of PP-2 was established as Figure 1 ).
Compound PP-1 is a decaffeoyl derivative of PP-2, whose structure showed the absence of the ester-linked caffeic acid that PP-2 and PP-3 possess. PP-1 indicated weaker cytotoxic activity than PP-2 and PP-3, which led to IC 50 values of 40.18 µM, 27.05 µM, and 27.24µM, respectively ( Table 3 ). The results obtained in the present study support the previous conclusions, which indicates that the anti-proliferative activities of phenylethanoid glycosides are affected by the ortho-dihydroxy aromatic systems, the number of free hydroxyl groups, and the type and location of the sugar moieties within the structure [11] [12] [13] [14] . However, a report by Abe et al. [13] denied the influence of the sugar moiety on the cytotoxic activity. A later study by Lee et al. [14] has further confirmed that the type of sugar is a crucial cytotoxic feature.
Compounds PP-1, PP-2 and PP-3 contain free phenolic hydroxyl groups in their structures, and these groups are reported to function as electron or hydrogen donors [15] . Compounds PP-2 and PP-3 which possess an extra caffeoyl unit in their structures showed stronger free radical scavenging ability than PP-1 (Table 4) , thus implying the presence of additional dihydroxy moieties stabilizes the free radical and that they are involved in the electron delocalization [16] . The high free radical scavenging activity of PP-2, and PP-3 could be attributed to the hydroxyl groups in their diphenol and glycosidic structures. Studies have demonstrated that the number of hydroxyl groups in a phenol affects the hydrogen donating ability of the compound [15, 16] . Phenolic antioxidants generally function as a terminator of the oxidation chain by interfering with the chain propagation reactions by rapid donation of the hydrogen atom to free radicals [15] . In summary, this is the first report on the isolation of a phenylethanoid glycoside and two caffeoyl phenylethanoid glycosides and the determination of their cytotoxic and antioxidant activities from P. paniculata.
Experimental
General: The human chronic myelogenous leukemia cell line, K-562 was purchased from RIKEN Cell Bank, Japan. K-562 was maintained in Roswell Park Memorial Institute-1640 medium supplemented with 10% fetal bovine serum (HyClone). Nitric acid was purchased from Fisher. All solvents of A.R. grade, and acetonitrile of HPLC grade, were from Merck. Standard samples of doxorubicin (98%) and cisplastin (99%) were purchased from Sigma-Aldrich.
Phenylethanoid glycosides from Paraboea paniculata Natural Product Communications Vol. 7 (6) 2012 777 Plant materials: Rhizome and leaf plant parts of Paraboea paniculata were collected from a limestone cave in Gunung Rapat, Ipoh, Perak, Malaysia. A voucher specimen of the plant was identified and authenticated by Dr. Lee Chin Yoong from the PK Herbal Research Center, Ipoh. A voucher specimen was deposited in the herbarium of the Faculty of Medicine and Health Sciences of UTAR, with voucher number HCT 001.
Extraction and fractionation via solid phase extraction:
Dried leaves (1 kg) and rhizomes (500 g) of P. paniculata were separately soaked in methanol at room temperature for 3 days and the filtered extracts evaporated in vacuo (Büchi, Rotavapor R-2000) . The dried crude extract (250 mg) was reconstituted in water-methanol 9:1 (v/v). A Strata SPE cartridge (Phenomenex, C-18, 20 mL, 5 g) was first conditioned with methanol, and equilibrated with watermethanol 9:1 (v/v). The crude extract was loaded onto the conditioned SPE column. The column was washed with watermethanol 95:5 (v/v) at a vacuum pressure at 1 mL/min. The extract was eluted with solvents of decreasing polarity (water, methanol, dichloromethane), and the column finally flushed with acidified methanol in 2 M nitric acid, to yield 14 fractions. All of the SPEcollected fractions were subjected to cytotoxic activity evaluation via the MTT assay [17] .
Isolation of PP-1, PP-2 and PP-3:
The cytotoxic SPE-collected fraction IV from the rhizome part (eluted with water-methanol 8:2 (v/v)) (200 mg) and fraction V from the leaf plant part (eluted with water-methanol 6:4 (v/v)) (750 mg) were subjected to semipreparative HPLC on a Chromolith RP-C18 column (100 x 10 mm i.d., Merck). Purified PP-1 (1) (24.7 mg) was isolated from the rhizome fraction IV by elution with 3% CH 3 CN: 97% H 2 O at 4 mL/min (t R = 12 min). Compounds PP-2 and PP-3 were purified from the leaf fraction V by elution with 15% CH 3 
MTT assay with K-562 cells:
The cytotoxic activity on the K-562 cells was measured using the MTT reduction assay [17] . It was carried out in 96-well micro-titration plate (Orange Scientific). All plant fractions (100 µg/mL) were prepared in RPMI-1640 medium. 100 µL of cell culture (7.0x10 4 cells/mL) was added into each well, followed by 100 µL of the plant fraction to give the final concentration of 50 µg/mL of sample. Each testing of the samples was done in triplicate. For positive control purposes, 100 µL of medium instead of the plant extract was used, and 200 µL of medium served as the negative control. The plate was incubated for 72 hours at 37 o C in a 5-% CO 2 humidified incubator (Sanyo). 20 µL of 5 mg/mL MTT (AMRESCO ® ) solution in phosphate buffered saline (PBS; GIBCO, Invitrogen) was added into each well of the plate. After 3 hours of incubation, the plate was spun at 3000 rpm for 10 minutes (Heraeus, Multifuge 1 S-R). Approximately 70% of supernatant was removed from each well and 150 µL of DMSO was added to dissolve the remaining formazan crystals. The plate was placed in the dark at room temperature for 15 minutes. The absorbance was determined by micro-plate reader (Bio-Rad, Model 680 with Micro plate Manager Software) at the wavelength of 550 nm. Three plates were used for each plant extract to give three independent determinations within one experiment.
DPPH free radical scavenging assay:
The DPPH radical scavenging assay was performed in a 96-well micro-plate (Orange Scientific). All plant extracts to be tested were dissolved in methanol (Merck) to give a concentration of 100 µg/mL. A sample of 95 µL of methanol was added into each well, followed by 100 µL of test sample (100 µg/mL) to give the final concentration of 50 µg/mL, and a final volume of 195 µL in each well. Methanol was used as a blank solution while L-ascorbic acid and quercitin (50 µg/mL) (Sigma-Aldrich) dissolved in methanol was used as the positive control. A sample of 5 µL of 4 mg/mL DPPH (1, 1diphenyl-2-picrylhydrazyl) (Sigma-Aldrich) solution in methanol was added to each well of the micro-plate. The plate was kept and incubated in the dark for 30 minutes. All measurements were carried out in triplicate. The decrease in absorbance at 517 nm was measured by a micro-plate reader (Bio-Rad, Model 680 with Microplate Manager Software). This assay was carried out in three independent experiments.
